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Attorney Docket No.: 1 8865-007400US 
Carrier with Metal Bumps for Semiconductor Die Packages 

BACKGROUND OF THE INVENTION 

5 Solder balls are used as electrical interconnects in ball grid array (BGA) 

packages. In a BGA package, an array of solder balls is used to couple a semiconductor die to a 
circuit substrate such as a printed circuit board (PCB). 

A method that can be used to form a BGA package is the solder ball attach 

¥ ;( process. In a solder ball attach process, solder balls are mechanically placed on a ball land 

m 

1Q|§5 pattern of conductive regions in a semiconductor carrier or substrate. After the solder balls are 

Ul 

yj placed on the specified ball land pattern, the semiconductor die is flipped over and is mounted on 
HI a circuit substrate. 

s; The solder balls typically have a lead-based solder alloy. For example, the 

jj'j solder alloy may be a near eutectic tin-lead (Sn-Pb) alloy that melts at about 1 83°C. When 
1 $11 the solder balls are present between the semiconductor die and the circuit substrate, the balls 
r| are heated to a temperature at or below the melting temperature of the solder alloy. The 
r ~ purpose of heating the balls below melting point is to ensure that the solder balls do not 
collapse. The solder balls are fluxed and re-flowed to join the circuit substrate to the 
semiconductor die. During fluxing, oxides in the solder are removed and the conductive 
20 surfaces of the semiconductor die and the circuit substrate are wet with the melting solder. 
After fluxing and re- flow, solder interconnects are formed between the semiconductor die 
and the circuit substrate. The formed solder interconnects electrically couple the circuit 
substrate and the semiconductor die together. 

Figure 1 shows a semiconductor die package. In the die package, a carrier 100 
25 is provided with a rectangular cavity 100-1 that receives a semiconductor die 102. In this 
example, the semiconductor die comprises a vertical metal oxide field effect transistor 
(MOSFET) and is in a Ball Grid Array-type package (BGA). An array of solder balls 108 is 
on the surface of semiconductor die 102 as well as on an edge surface 106 of the carrier 100. 
The solder ball array 108 is divided into two groups. A first outer array of solder balls 108-2 
30 connects to the carrier edge surface 106 and an internal array of solder balls 108-1 connects 





to the die surface. The array of solder balls 108 can be mounted and coupled to a circuit 



substrate such as a circuit board. 



The outer array of solder balls 108-2 provides the connection to the drain 



terminal of the MOSFET, while the inner array of solder balls 108-1 provides the connection 
5 to the source and gate terminals of the MOSFET. A corner solder ball 108-3 can be 

dedicated for the gate terminal and the remaining solder balls 108-1 in the inner array 108-1 
provide for a distributed, low resistance connection to the source terminal of the BGA 
MOSFET. 

Solder ball technology could be enhanced and improved to provide for a more 
10, t . robust design. For example, the strength of adhesion of the ball interconnects could be 
4) improved. Solder interconnects formed using a ball attach process can break if they are 

Ml 

yi weak. If one or more solder interconnects fail in a die package, the entire package can be 

]ll inoperative. In addition, during processing (e.g., during reflow), the solder balls deform. The 

HI deformation can cause the solder balls in the array to have varying heights. As a result, the 

1 5 ; ends of the solder balls may not be coplanar with each other. If, for example, some of the 

: : :: solder balls on an array of conductive pads are taller than other solder balls in the array, the 

! c = shorter solder balls may not make contact with both the semiconductor die and the circuit 



q substrate. The formed die package could be inoperative due to the faulty solder 
iaa interconnects. Also, solder balls can move during processing. If the solder balls move from 
20 their intended locations, the desired interconnections may not be formed in the semiconductor 
die package. Lastly, many solder balls contain lead. Lead is not an environmentally friendly 
substance. It would be desirable to reduce if not to eliminate the amount of lead used in a 
semiconductor die package. 



die package, the carrier comprising: (a) a metal layer; and (b) a plurality of bumps formed in 
the metal layer, wherein the carrier is for electrically coupling a semiconductor die to a circuit 



Embodiments of the invention address these and other problems. 



25 



SUMMARY OF THE INVENTION 



An embodiment of the invention is directed to a carrier for a semiconductor 



30 



substrate. 
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Another embodiment of the invention is directed to a semiconductor die 
package comprising: (a) a carrier comprising a metal layer, a die attach region, and a plurality 
of bumps formed in the metal layer; and (b) a semiconductor die electrically coupled to the 
die attach region of the carrier. 

5 Another embodiment of the invention is directed to a semiconductor die 

package comprising: (a) a carrier comprising metal layer, a die attach region, and a plurality 
of stamped bumps formed in the metal layer around the die attach region; (b) a 
semiconductor die comprising a vertical metal oxide semiconductor field effect transistor 
(MOSFET) device having a source region, a gate region, and a drain region, wherein the 
10 drain region is electrically coupled to and proximate to the die attach region of the carrier, 
and the source region and the gate region are distal to the die attach region, and wherein the 

'd.l 

\)l plurality of stamped bumps in the carrier are arranged around the semiconductor die; and (c) 

U I 

iVj a plurality of solder deposits disposed on the semiconductor die. 

|]? Another embodiment of the invention is directed to a method for forming a 

IS carrier comprising: (a) providing a metal layer; and (b) forming a plurality of bumps in the 
\]\ metal layer to form the carrier. 

=h Another embodiment of the invention is directed to a method for forming a 

| b l carrier for a semiconductor die package, the method comprising: (a) providing a metal layer; 
and (b) forming a plurality of bumps in the metal layer, wherein the formed bumps are 
20 capable of being electrically coupled to conductive regions of a circuit substrate. 

These and other embodiments of the invention are described in further detail 

below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIG. 1 shows a perspective view of a semiconductor die package with solder 

balls. 

FIG. 2 shows a perspective view of a semiconductor die assembled on a 
carrier according to an embodiment of the invention. 
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FIG. 3 shows a perspective view of a carrier according to an embodiment of 

the invention 

FIG. 4 shows a close-up, perspective view of bumps of a carrier embodiment. 

FIGS. 5-8 show side cross-sectional views of bumps formed in carriers 
5 according to embodiments of the invention. 

FIG. 9 shows a perspective view of the underside of a carrier according to an 
embodiment of the invention. 

FIG. 10 shows a perspective view of a die package according to an 
jsj: embodiment of the invention. 

1 O^f FIG. 1 1 shows a side view of a die package according to an embodiment of the 

!j] invention. 

p i FIGS. 12a to 12f show perspective views of die packages according to 

]^ embodiments of the invention. 

u ft 

FIG. 13 shows a perspective view of a die package according to an 
15JJI embodiment of the invention where a portion of a semiconductor die is partially cut away to 
l ek show solder balls underneath the semiconductor die. 

FIG. 14a shows a bottom perspective view of a carrier for a semiconductor die 
BGA type package according to an embodiment of the invention. 

FIG. 14b shows a top perspective view of a carrier for a semiconductor die 
20 BGA type package according to an embodiment of the invention. 

FIG. 14c shows a close up view of a bump and a conductive bridge of a 

carrier. 

FIG. 14d shows a side view of a semiconductor die BGA type package with a 

wire bond. 

25 FIG. 14e shows a side view of a semiconductor die BGA type package that 

has a flip chip type configuration. 
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FIGS. 15a to 15g show side cross-sectional views of a stamping apparatus as it 
is used when forming a carrier according to an embodiment of the invention. 

FIG. 16 shows a graph of the copper bump height vs. carrier sample. 

FIG. 1 7 shows a graph of solder bump height distribution vs. package sample 

unit. 

FIG. 1 8 shows a graph of the height difference of the copper bumps and the 
combined height of the solder balls, bond line, and semiconductor die in the package vs. 
package sample unit. 

FIGS. 19 and 20 show graphs of RdSon for two different electrically tested 

lots. 

DETAILED DESCRIPTION 

Embodiments of the invention relate to carriers for semiconductor die 
packages, semiconductor die packages including the carriers, methods for making the 
carriers, and the methods for assembling semiconductor die packages. The semiconductor 
die packages can be, for example, MOSFET BGA packages, thin MOSFET packages, or any 
other type of semiconductor IC or discrete die package. 

The carriers according to embodiments of the invention comprise a metal layer 
such as a copper layer. Plural bumps are formed in the metal layer and the bumps may be 
arranged in a predetermined configuration. For example, the bumps may be in a regularly 
spaced array across the metal layer or may be at the periphery of the metal layer. In some 
embodiments, the bumps may be arranged around a planar die attach region of the carrier. A 
semiconductor die can then be attached to the die attach region using, for example, solder 
paste or a conductive adhesive. A number of solder paste deposits (e.g., solder balls) can be 
on the surface of the semiconductor die opposite the carrier. 

The bumps can be formed by stamping a metal layer. Any suitable stamping 
apparatus may be used to form the bumps. An exemplary stamping apparatus can comprise a 
stamping machine having multiple stamping elements (sometimes referred to as stamping 
tools), and a corresponding stamping die. The stamping die has recesses that are configured 
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to receive the multiple stamping elements. In an exemplary process, a metal layer is placed 
on the stamping die. The stamping elements punch the metal layer while it is on the stamping 
die. During punching, the stamping elements push portions of the metal layer into the 
recesses of the stamping die without passing through the metal layer. The pressure applied to 
the metal layer deforms portions of the metal layer to form multiple stamped bumps in the 
metal layer. This stamping process can be repeated so that sets of bumps are formed in the 
metal layer. After stamping the sets of bumps, multiple carriers are formed. The formed 
carriers can be separated from each other after the semiconductor dies are assembled to the 
individual carriers to form individual packages. The separated packages can be mounted to a 
circuit substrate such as a circuit board. In some embodiments, the carrier can be considered 
a "lead frame" that electrically couples a semiconductor die to a circuit substrate such as a 
circuit board. 

The embodiments of the invention have a number of advantages. For 
example, in embodiments of the invention, the bumps in the carrier can replace interconnects 
that would otherwise be made using solder. As a result, less solder can be used in the 
assembly of the semiconductor die packages. The embodiments of the invention have fewer 
solder balls as compared to other semiconductor die packages that have all solder balls as 
interconnects. Embodiments of the invention are therefore more environmentally friendly 
than other types of semiconductor die packages. In addition, reducing the number of pure 
solder interconnects simplifies the interconnect process. As the number of pure solder 
interconnects is reduced in embodiments of the invention, the number of solder balls that 
need to be placed on a semiconductor die or a circuit substrate is reduced. Moreover, because 
fewer solder interconnects are used in embodiments of the invention, the problems associated 
with forming many pure solder interconnects are reduced or eliminated. For example, as 
explained above, solder balls can deform during processing. The solder ball heights may be 
inconsistent and the ends of the solder balls may not be coplanar with each other. In 
comparison, the stamped bump interconnects in embodiments of the invention are integrally 
formed in a carrier and are more robust than solder interconnects. Unlike pure solder 
interconnects, stamped bumps can be made with repeatable dimensions and can be 
consistently spaced with respect to each other. Also, compared to solder based interconnects, 
the stamped bumps exhibit superior electrical and thermal performance. For example, in the 
carrier embodiments, the stamped bumps and the portion of the carrier that contacts the 
semiconductor die may be formed from a single unitary material. Electrical current can flow 



o 



o 



from the portion that contacts the semiconductor die to the stamped bumps without passing 
through a material interface such as a solder to metal interface. Electrical current passes to 
the bumps without any loss in efficiency that might be caused by the presence of a material 
interface such as a solder to metal interface. Also, the carriers according to embodiments of 
the invention can be manufactured in high volumes. Stamping interconnect structures is 
faster than mechanically placing solder balls on a circuit substrate or a semiconductor die. 

An embodiment of the invention is shown in Figure 2. Figure 2 shows a 
semiconductor die package. The package comprises a carrier 20 comprising a metal layer 
that has a die attach region and a plurality of stamped bumps 26 around the die attach region. 
A semiconductor die 40 comprising a vertical metal oxide semiconductor field effect 
transistor (MOSFET) is electrically coupled to and is proximate to the die attach region of the 
carrier 20. Solder 42 (e.g., solder balls or solder columns) can be on the semiconductor die 
40. 

Figure 3 shows a carrier 20 according to an embodiment of the invention. 
The carrier 20 includes a number of stamped bumps 26 formed around a die attach region 24. 
In this example, two windows 28 are disposed around and at the periphery of the die attach 
region 24. The windows 28 are partially defined by tie bars 23. The tie bars 23 can be cut 
after a semiconductor die is attached to the die attach region 24 to form a functional unit of a 
MOSFET BGA package. Side rails 30 are disposed on both sides of the carrier 20. The side 
rails 30 hold the carriers and the portions of the processed metal layer that will be formed into 
carriers together during the stamping process. 

The carrier 20 may comprise any suitable material. For example, the carrier 
20 may comprise a base metal such as copper or aluminum. Metals such as these are good 
electrical and thermal conductors. In some embodiments, the carrier 20 can include a layer of 
metal that includes a base metal such as copper and one or more sublayers of material on the 
base metal. Exemplary sublayers may include adhesion layers, diffusion barriers, solder 
wettable layers, and oxidation barrier layers. For example, in some embodiments, the carrier 
20 and the unstamped metal layer used to form the carrier may comprise a copper base coated 
with a metal such as a nickel-palladium alloy, nickel, or a nickel alloy. The layers on the 
base metal may be formed before or after bumps are formed in the base metal. In yet other 
embodiments, the carrier can comprise a dielectric material. Embodiments of this type are 
described in greater detail below with reference to Figures 14a to 14e. 
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Figure 4 shows a stamped bump 26 according to an embodiment of the 
invention. In this example, the stamped bump 26 is cone-shaped and includes a tip 26a and a 
side portion 26b. The tip 26a is elevated with respect to the planar regions (e.g., a die attach 
region) of the carrier. The outer and/or inner surfaces of the tip 26a may be curved and may 
have a partial spherical shape. 

The tip 26a of the bump 26 can be an interconnection point in the 
semiconductor die package. For example, the tip 26a of the bump 26 can contact a 
conductive land on a circuit substrate (not shown) so that the circuit substrate and the bump 
26 are in electrical communication with each other. In some embodiments, the tip 26a of the 
bump 26 can be coupled to a conductive land using solder. The solder can be deposited 
around and/or under the tip 26a of the bump 26 to help stabilize the bump 26 on the land. 
The solder can also help enhance the conductivity between the bump 26 and the land. 
Although solder can be used to join the bump 26 to a conductive land on a circuit substrate, 
less solder is used in embodiments of the invention than in a semiconductor die package 
having all pure solder interconnects. 

The bumps in the carrier embodiments may have any suitable shape. Figures 
5 to 8 show examples of bumps with various shapes and dimensions. The stamped bumps 
may be cylindrical, round, square, etc. In some embodiments, the bumps are conical. The 
stamped bumps 26 may also have any suitable size or height depending upon the particular 
semiconductor die package that the carrier will be incorporated in. 

Exemplary carrier and bump dimensions such as the bump pitch, the stamp 
depth, the bump wall thickness, the carrier thickness, and the bump height can be described 
with reference to Figure 5. Figure 5 shows a side cross-sectional view of stamped bumps in 
an exemplary carrier embodiment. The bump pitch is "P". The bump pitch P may be the 
center-to-center distance of adjacent bumps in an array. In some embodiments, the pitch P 
may be less than about 1 mm. For example, the pitch may be less than about 0.85 mm or less 
than about 0.65 mm (e.g., about 0.5 mm). The depth of the stamp is "D". In some 
embodiments, the depth of the stamp D may be about 0.850 mm or less. The bump wall 
thickness is "t". In some embodiments, the bump wall thickness t may be less than about 
0.10 mm. The carrier thickness is "T". The carrier thickness T may be, for example, about 
0.300 mm or less in some embodiments. The height of the bump is "H". The height of the 
bumps H may be about 0.500 to about 0.550 mm, or less in some embodiments. These and 
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other specific dimensions are for purposes of illustration. It is understood that embodiments 
of the invention are not limited to carriers with the recited exemplary dimensions. 

In embodiments of the invention, the tips of the stamped bumps are 
substantially coplanar. Because the bumps have tips that are substantially coplanar, all 
bumps in a carrier can contact conductive lands on a circuit substrate substantially 
simultaneously. Good electrical contact is made between the carrier bumps and the circuit 
substrate. Since all bumps contact the conductive lands at the same time, the likelihood of 
failure is due to a faulty interconnection between the conductive lands of a circuit substrate 
and the bumps is reduced. As will be explained in further detail below, a stamping process 
can be used to produce bumps with substantially coplanar tips. The stamped bumps are also 
robust and consistently positioned with respect to each other. 

Figure 6 shows another embodiment of the invention. In this embodiment, 
the bumps are cone-shaped. Each of the bumps shown in Figure 6 has a conical angle of less 

than about 40°. A "conical angle" can be an angle formed by opposing wall surfaces of a 

cone. Cones can be defined by the inner or outer surfaces of a bump in the carrier. Each of 
the inner surface and the outer surface of a bump may form a conical angle. Cones can also 
be defined by the outer surface of a tip of a stamping element or by the surface defining a 
recess in a stamping die. These surfaces may also form conical angles. 

In preferred embodiments of the invention, the conical angles formed by the 
bumps are wide. Typically, the conical angles (i.e., the angles formed by opposing inner or 

outer walls of the bump) of a bump are greater than about 40°. The surfaces defining the 

recesses in a stamping die and the surface defining the stamping elements can have conical 
angles of similar magnitude. In these embodiments, the stamping elements can be easily 
retracted from the recesses in the stamping die when forming the carrier. Bumps with large 
conical angles have a reduced likelihood of "sticking" to the stamping elements when they 
are withdrawn from the recesses of the stamping die. Bumps that stick to the stamping 
elements can be damaged in some cases. 

Figure 7 shows another bump according to an embodiment of the invention. 
A lower portion of the bump has a conical angle of 90°. An upper portion of the bump is 
cylindrically shaped and has a curved tip. A portion of the curved tip is substantially 
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spherical. The inner radius of curvature of the spherical tip portion is about 0.150 mm, while 
the outer radius of curvature is about 0.250 mm. Other exemplary dimensions (in 
millimeters) are also shown in Figure 7. 

In Figure 8, the illustrated bump is also conical. The portion of the bump at 
the tip of the bump has a substantially spherical configuration. Each of the conical angles 
formed by the inner and the outer surfaces of the bump is about 42° in this embodiment. Like 
the bump shown in Figure 5, a portion of the curved tip is substantially spherical. The inner 
radius of curvature of the spherical tip portion is about 0.158 mm, while the outer radius of 
curvature is about 0.250 mm. Other exemplary dimensions (in millimeters) are also shown in 
Figure 8. 

Figure 9 shows the underside of the stamped bumps 26 in the backside of a 
carrier 20. Each of the stamped bumps can include hollow portions in the metal layer. As 
shown in Figure 9, arrays of hollow portions are at the backside of the carrier. The shapes of 
the hollow portions can correspond to the shapes of the stamping elements used to form the 
stamped bumps. 

Once the bumps are stamped and a carrier is formed, a semiconductor die can 
be attached to the carrier. For example, soft solder can be applied to the die attach region of 
the carrier. A semiconductor die can be placed on the soft solder and the semiconductor die 
can be attached to the carrier. After attaching the semiconductor die to the carrier, a bond 
line comprising the solder is formed between the carrier and the semiconductor die. In some 
embodiments, the bond line may have a thickness of about 1 mil (i.e., 1/1 000 th of an inch) or 
less. During the die attach step, the solder flows towards the bumps at the periphery of the 
die attach region. In some embodiments, a groove (not shown) may be provided in the carrier 
at the periphery of the die attach region to receive any solder that flows to the bumps. The 
groove may be disposed between the bumps and the die attach region. In other embodiments, 
a conductive adhesive such as a conductive epoxy adhesive may be used to attach the 
semiconductor die to the carrier. 

Figure 10 shows a semiconductor die package according to an embodiment of 
the invention. A semiconductor die 40 is mounted to a die attach region of the carrier 20. 
The stamped bumps 26 are disposed around the die attach region and the semiconductor die 
40. The carrier 20 is also intimately connected to the semiconductor die. Accordingly, the 
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carrier 20 can act as a low resistance thermal and electrical conduction path for the 
semiconductor die 40. In this Figure, the die package is shown as being attached to other 
structures through side rails. The side rails can be cut to separate the package from these 
other structures. 

5 The semiconductor die 40 may comprise any suitable electronic device. For 

example, the semiconductor die 40 may comprise a metal oxide field effect transistor 
(MOSFET) device such as a power MOSFET device. The MOSFET device may have planar 
or trenched gate structures. Trenched gate structures are preferred. Transistor cells 
containing trenched gate structures are narrower than planar gate structures. In addition, the 
10 MOSFET device may be a vertical MOSFET device. In a vertical MOSFET device, the 
III source region and the drain region are at opposite sides of the semiconductor die so that 
'^l current in the transistor flows vertically through the semiconductor die. The semiconductor 

Ul die 40 may comprise silicon or any other suitable semiconductor material. 

ill 

n| The semiconductor die packages according to embodiments of the invention 

15 Ul are particularly well suited for discrete products with high heat dissipation such as power 

]*\ switching devices (e.g., power MOSFETs) where electrical connection to the backside of the 

Uk die (MOSFET drain terminal) is required. By using a thermally and electrically conductive 

]ll material such as copper for carrier 20, the package provides for a very low resistance, 

i" compact connection between the backside of the die (the drain terminal of the power 

20 MOSFET) and a circuit substrate (e.g., a PCB). 

Figure 1 1 shows a side view of a die package according to an embodiment of 
the invention. Figure 1 1 shows a semiconductor die 40 disposed between a circuit substrate 
50 (e.g., a circuit board) and a carrier 20. The carrier 20 is coupled to the semiconductor die 
40 through a bond line 44. The bond line 44 may comprise, for example, a conductive 
25 adhesive or solder. A number of solder interconnects 42 are disposed between the 

semiconductor die 40 and the circuit substrate 50. The semiconductor die 40 and the circuit 
substrate 50 can communicate with each other through the solder interconnects 42. Solder 
paste 46 may be used to bond the stamped bumps 26 to the circuit substrate 50. 

The semiconductor die 40 illustrated in Figure 1 1 may comprise a vertical 
30 MOSFET device. One or more of the solder interconnects 42 can communicate with the 
source regions and the gate regions of the MOSFET in the semiconductor die 40. In this 
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example, the source region and the gate region of the MOSFET device in the semiconductor 
die 40 are accessible through the underside of the semiconductor die 40. The carrier 20 can 
communicate with the drain region of the semiconductor die 40. In this example, the drain 
region of the semiconductor die 40 may be in contact with the bond line 44. Drain current 
can flow through the bond line 44, to the carrier 20, laterally to the stamped bumps 26 and to 
the circuit substrate 50. 

Once the semiconductor die is joined to the circuit substrate, the 
semiconductor die can be covered to protect it from the environment. In a typical package, a 
lid can be attached to the circuit substrate and over the semiconductor die. Alternatively, an 
organic encapsulant can be deposited on the semiconductor die and cured. 

=p Figures 12a to 12f show the perspective views of semiconductor die package 

1% examples according to embodiments of the invention. In each example, the stamped bumps 
\l\ 26 in the carrier 20 are disposed to one or more sides of the semiconductor die 40. For 
m instance, a line of stamped bumps 26 can be at one, two, three, or four sides of a 
]'* semiconductor die 40. In each example, the tips of the stamped bumps 26 are substantially 
]*{ coplanar with respect to each other and with the tips of the solder bumps 42 on the 
semiconductor dies 40. 

-I - 

Each of the semiconductor die packages shown in Figures 12a to 12f can be 
flipped over and mounted to a circuit substrate (not shown). When a die package is mounted 
to a circuit substrate, the tips of the solder bumps 42 and the tips of the stamped bumps 26 
may contact conductive lands on a circuit substrate. The circuit substrate upon which the die 
package portion is mounted can provide a transistor in the semiconductor die 40 with a gate 
connection, a source connection, and a drain connection. 

Figure 13 shows another embodiment of the invention. In the Figure 13, a 
portion of the semiconductor die 40 is cut away to show the region underneath the 
semiconductor die 40. Solder balls 42 are disposed between the semiconductor die 40 and 
the carrier 20. These solder balls 42 electrically couple the source and the gate regions (not 
shown) of a MOSFET device in the semiconductor die 40 to the carrier. The drain region of 
the MOSFET device in the semiconductor die 40 in this example faces upward and is distal to 
the carrier 20, while the source and the gate regions are proximate to the carrier 20. Most of 
the solder balls 42 under the semiconductor die 40 are coupled to a first portion 20-1 of the 
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carrier 20. These solder balls can be coupled to the source regions in the MOSFET device in 
the semiconductor die 40. The solder ball 42-G on a second portion 20-2 of the carrier 20 
can be coupled to a gate region of the MOSFET device. Gate current can pass through a 
stamped bump 26-G at the corner of the carrier 20, through the second portion 20-2 of the 
carrier 20, to the solder ball 42-G, and to the semiconductor die 40. A dielectric region 15 is 
between the first and the second carrier portions 20-1, 20-2. The dielectric region may be, for 
example, a dielectric adhesive that joins the first and the second carrier portions 20-1, 20-2. 
The package shown in Figure 13 can be flipped over and mounted to a circuit substrate (not 
shown). The circuit substrate can have conductive lands corresponding to the drain region, 
the source region, and the gate region of the MOSFET. 

The carrier 20 shown in Figure 13 can be formed in any suitable manner. For 
example, a rectangular metal layer can be stamped with bumps 26, 26-G. First and second 
carrier portions 20-1, 20-2 can be formed by cutting the metal layer. The cut line can 
correspond to the line formed by the dielectric region 15. After cutting, the first and the 
second carrier portions 20-1, 20-2 can be joined using a dielectric adhesive material (e.g., a 
dielectric epoxy adhesive). 

Figures 14a to 14e show the application and use of a bumped carrier (e.g., a 
copper bumped carrier) in an IC (integrated circuit) BGA type die package. Figure 14a 
shows a carrier 22 with an array of stamped bumps 26. Conductive traces 26a (e.g., 
conductive lines) are on the carrier 22 and lead to the stamped bumps 26. Both the stamped 
bumps 26 and the conductive traces 26a can be present in a single metal layer. These 
conductive traces 26a can be electrically coupled to traces on the other side of the carrier 22. 
As shown in Figure 14a, the tips of the stamped bumps 26 are substantially coplanar. In 
comparison to the carrier shown in Figure 2, for example, the bumps 26 may be formed 
across the surface of the metal layer and not just at the periphery of a die attach region of the 
carrier 22. Moreover, in comparison to the carrier shown in Figure 2, for example, the carrier 
shown in Figures 14a to 14e can be an interposer that can be disposed between the 
semiconductor die and a circuit substrate (e.g., a circuit board). 

Figure 14b shows the opposite side of the carrier 22 as shown in Figure 14a. 
A semiconductor die (not shown) may be attached to a die attach region 37 of the carrier 22. 
Leads to the attached semiconductor die can be electrically coupled to conductive lands 38. 



13 



o 



o 



Circuit traces 38a lead to the conductive lands 38 and can be coupled to the circuit traces 26a 
on the other side of the carrier 22. 

Figure 14c is a close-up view of a bump 26 and the edge of the carrier. A 
conductive bridge 39 is at the edge of a dielectric layer 30 and at the edge of the carrier. 
Conductive traces on opposite sides of the carrier can be coupled through the conductive 
bridge 39 (e.g., a conductive via). The conductive bridge 39 is vertical with respect to the 
orientation of the carrier 22. 

Figures 14d to 14e show side cross-sectional views of IC-type packages using 
the carriers according to embodiments of the invention. Figure 14d shows an IC type 
package with a wire bond coupling a semiconductor die to the carrier. Figure 14e shows an 
IC chip type package where the semiconductor die is mounted in a flip-chip manner without a 
wire-bond. The semiconductor die communicates with the carrier through solder balls. 

In both Figures 14d and 14e, the carrier comprises a metal layer with stamped 
bumps 26 and a conductive trace 26a on a dielectric layer 30. A conductive trace 36a is on 
the side of the dielectric layer 30 opposite the conductive trace 26a leading to the stamped 
bump 26. An IC die 55 is on the dielectric layer 30 and is electrically coupled to the circuit 
trace 36a. A cover 56 can cover the die 55 to protect the die 55. 

The semiconductor die packages shown in Figures 14d and 14e can be 
mounted to the conductive lands of a circuit substrate such as a circuit board. For example, 
the stamped bumps 26 can be soldered to conductive lands on the circuit substrate. 

The carrier shown in Figures 14a to 14e can be formed in any suitable manner. 
In one exemplary process, a first metal layer can be stamped with a plurality of bumps. The 
first metal layer can then be bonded (e.g., using an adhesive or using a lamination process) to 
a dielectric layer. After bonding, the first metal layer can be etched to form circuit traces. 
For example, as shown in FIG. 14c, regions around a formed bump 26 can be etched and the 
circuit trace 26a that is formed can lead to the bump 26. A second metal layer can then be 
bonded (e.g., using an adhesive or using a lamination process) to the side of the dielectric 
layer opposite the bumps. The second metal layer can then be etched to form conductive 
traces and conductive pads. A semiconductor die can be mounted on the conductive pads. 
Conductive bridges (e.g., vias) can then be formed on the side of the dielectric layer or 
through the dielectric layer to communicate the conductive traces at opposite sides of the 
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carrier. After the carrier is formed, a semiconductor die can be mounted to the conductive 
pads of the carrier using conventional processes. It is noted that the above-described process 
is a subtractive process. In other embodiments, it is possible to use an additive process to 
form conductive traces and conductive pads on the dielectric layer. Additive processes are 
5 well known in the art. 

In some embodiments, many carriers can be formed from a metal layer that is 
in the form of a strip. Referring to Figure 1 5a, a planar metal layer 90 is disposed on a 
stamping die 92 in a stamping apparatus. The stamping die 92 has a number of cavities 92(a) 
that correspond to the shapes of the bumps that will be formed in the metal layer 90. Each of 
0 the recesses 92(a) may define a conical shape. A stamper 80 including a plurality of 
p stamping elements 80(a) is disposed above the stamping die 92 and the metal layer 90. Each 
jjj stamping element 80(a) may have a conical tip. The tips of the stamping elements 80(a) may 
U 1 be conical. Both the stamper 80 and the stamping die 92 can comprise materials that are 
\)l harder than the metal layer 90. For example, in some embodiments, the stamper 90 and the 
5^ stamping element 80 can be made of steel, while the metal layer 90 may be made of copper. 

The metal layer 90 can be a continuous sheet of copper. In addition, the stamping elements 
\ll 80(a) of the stamper 80 may be cooperatively structured with the recesses 92(a) in the 

stamping die 92. During stamping, bumps are formed in the metal layer 90. The pressure 
O applied by the stamper 80 can be selected according to the depth of the stamp desired, the 
particular product being produced, etc. 

Referring to Figures 15b and 15e, the stamper 80 may move in a downward 
direction toward the stamping die 92. The stamping elements 80(a) contact the metal layer 
90 and punch portions of the metal layer 90 to deform them. During punching, the stamping 
elements 80(a) pass into the cavity 92(a) of the stamping die 92 until the deforming portions 
of the metal layer contact the ends of the cavity 92(a). Portions of the metal layer 90 are 
sandwiched between the walls defining the cavity 92(a) and the tips of the stamping elements 
92(a). The portions of the metal layer 90 conform to the spaces between the stamping 
elements 80(a) and the stamping element tips. The ends of the cavity 92(a) in the stamping 
die are coplanar with each other. Consequently, the bumps formed in the cavity 92(a) have 
tips that are coplanar with each other. 

As shown in Figure 15f, after stamping the metal layer 90, the stamper 80 is 
retracted and moves in an upward direction away from the stamping die 92. The ends of the 
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stamping elements 80(a) of the stamper 80 are withdrawn from the recesses in the stamping 
die 92, while the stamped metal layer 90 remains on the stamping die 92. 

Referring to Figure 15g, after the stamper 80 is retracted, the stamped metal 
layer 90 can then be lifted off of the stamping die 92. Another flat portion of the metal layer 
5 90 can then be placed over the recesses of the stamping die 92. The flat portion can be 
stamped to form another set of bumps for another carrier. 

Once multiple bumped carriers are formed in the metal strip, semiconductor 
dies can be attached to the carriers in the strip using, for example, a conductive adhesive or 
solder. The carriers and semiconductor die units can then be marked, tested, and then 
separated into individual units. Additional packaging steps may also be performed. 

Examples 

A number of stamped carriers with stamped bumps were produced. Bumps 
were formed in copper layers according to the process generally illustrated in Figure 15a to 
15g. Semiconductor dies comprising vertical power MOSFETs were mounted to the carriers 
using solder to form a number of carrier/semiconductor die units. The carrier/semiconductor 
die units were then separated from each other. Each carrier/semiconductor die unit was then 
manually mounted to a 1 square inch chipboard using a 6337 type of solder paste (63% Sn 
and 37% Pb) to form die packages. The assembled die packages were then processed in an 
infrared reflow oven. After the reflow process, each die package was inspected for adhesive 
strength and position accuracy. The resulting packages had a configuration similar to the one 
shown in Figure 1 1 . 

A number of characteristics were evaluated in the formed packages. The 
copper bump height distribution, the solder bump height distribution, and the coplanarity of 
the solder bumps and copper bumps with respect to a die attach pad (DAP) were evaluated. 
25 The on-state resistance, RdSon, was also evaluated. 

The graph in Figure 16 shows the copper bump height variation in different 
carriers. The height varied from about 21.05 to about 22.40 mils from a target of about 21.0 
mils. The targeted copper bump height was based on the sum of the die thickness, the 
nominal solder bump height, and the bondline thickness, which were 8 mils, 12 mils, and 1 
30 mil, respectively. 
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The solder bumps disposed between the semiconductor die and the chip board 
were also evaluated for height variation. The graph in Figure 17 shows the bump height 
variation from die-to-die. The solder bumps had heights of about 1 1 .2 mils to about 1 1 .95 
mils. There was no significant height difference between solder bumps for the gate and 
5 source terminals. 

In Figure 1 8, measurements of the coplanarity of the solder bump height and 
copper bump height are shown. Using the die attach pad as a reference, the average total 
height of the semiconductor die, the solder bumps, and the bondline was about 20.19 mils. 
The average height of the copper bumps was about 21 mils. The average difference in the 
10 total height vs. the height of the copper bumps was about 1 to about 2 mils. The data show 
p that the copper bumps were almost perfectly coplanar with the solder bumps. 

Electrical tests were also conducted to evaluate the properties of the stamped 
yl bumps. In particular, the drain-to-source on-state resistance or RdSon (which is defined as 
lil the total resistance encountered by a drain current) in embodiments of the invention was 
15-=' comparable to the RdSon obtained in semiconductor die packages using solder bumps instead 
l!| of stamped bumps as interconnects. With reference to Figure 19, the RdSon values for the 
f7 copper bump embodiments were about 3.5 to about 4.0 milliohms at 4.5V, and about 2.4 
4; about 3.2 milliohms at about 10V. With reference to Figure 20, the RdSon values for the 
copper bump embodiments were about 3.5 to about 4.0 milliohms at 4.5V, and about 2.4 and 
20 about 3.2 milliohms at 10V. The RdSon values shown in Figures 19 and 20 are comparable 
to RdSon values obtained from a MOSFET BGA using solder balls as interconnects instead 
of stamped bumps. 

The terms and expressions which have been employed herein are used as 
terms of description and not of limitation. There is no intention in the use of such terms and 
25 expressions of excluding equivalents of the features as shown and described. The portions 
thereof, are recognized that various modifications are possible within the scope of the 
invention as claimed. Moreover, any one or more features of any embodiment of the 
invention may be combined with any one or more other features of any other embodiment of 
the invention, without departing from the scope of the invention. 
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